Abstract-In this note, the problem of observer design for linear descriptor systems with faults and unknown inputs is considered. First, it is considered that the fault vector function is times piecewise continuously differentiable. If the th time derivative of is null, then integral actions are included into a Luenberger observer, which is designed such that it estimates simultaneously the state, the fault, and its finite derivatives face to unknown inputs. Second, when the fault is not time piecewise continuously differentiable but bounded (like actuator noise) or th time derivative of fault is not null but bounded too, a high gain observer is derived to attenuate the fault impact in estimation errors. The considered faults may be unbounded, may not be determinist, and faults and unknown inputs may affect the state dynamic and plant outputs. Sufficient conditions for the existence of such observer are given. Results are illustrated with a differential algebraic power system.
I. INTRODUCTION
Descriptor systems are very sensitive to slight input changes [4] , [5] and the presence of unknown inputs (UI) is very detrimental to the design of observers. However, few results have been presented to design observers in the case of UI descriptor systems. In [7] , assuming that the number of UI is strictly less than the number of measurements, a generalized Sylvester equation was used to develop a procedure for the design of a reduced-order UI observer. While in [2] , an equivalent condensed form to design an UI observer was introduced, however the design procedure requires square singular systems, free UI measurements and regularity conditions.
In this note, an unknown input proportional multiple-integral observer (UIPMIO) is designed which achieves a robust state and fault estimation face to UI and bounded uncertain parameters. First, it is assumed that the fault f ( ) is of the following form: Second, when the fault (or one component) is not time piecewise continuously differentiable but bounded or that f ( s) is not equal to zero (or only one component) but bounded too, a high gain observer is designed, in Section III-B, that attenuates the fault impact on estimation errors. As in [7] , the considered systems are in general form (i.e., rectangular). However, contrary to [7] , the proposed observer allows robust state estimation in presence of parameters variations and fault estimation, filters the actuators noises and the number of UI may be up to the number of measurements. The main contributions of the note are discussed and illustrated, respectively, in Sections IV and V. 
with m + p q + s. Now, since rankE 3 = r, there exists a regular matrix P such that (2) is restricted system equivalent (r.s.e) to [7] E _ x = Ax + Bu + F w w + F f f (4) y = Cx + G w w + G f f in which E 2 r2n , rankE = r and t = m + p 0 r.
In [7] , the proposed unknown inputs proportional observer (UIPO) exists for system (4) if and only if (iff) there exists at least one disturbance free measurement and no fault f (i.e., t > rankG w and f = 0, see case 4.2 in Section IV). In order to relax these previous assumptions and to attenuate the bounded fault impact on estimation errors (for instance, when f ( s) 6 = 0 or f is not determinist but bounded, see Section III-B), the following augmented system is considered, with _ x I = y: Proof: It can be straightforwardly deduced from following Section III-A and is omitted.
The unknown matricesK; T; N; K p ; and K p are deduced from algorithm 1 given in Section III-A.
III. OBSERVER DESIGN
The following section, is divided into two subsections. The main section is Section III-A, where under f ( s) = 0 the observer (9) for system (5) is designed and its existence and stability conditions are given. Under a bounded fault f ( s) , the observer (9) for system (5) is designed by choosing a reasonable high gain observer (which is derived from the UIPMIO), it is presented in Section III-B.
A. UIPMIO Design
Defining the fault estimation error e fi = f ( s0i) 0fi (i = 1; 2.. .
s)
and the state estimation error e = x 0 x. Assume that (2) and (4) in Lemma 1 hold true, then when the observer (9) is applied to system (5) the state estimation error e becomes e = T E x 0 z 0 N G f e f : (11) From (11), (5), and (9), the following estimation error dynamics are obtained:
Substitute (13) in (12) and from conditions 2)-7) of Lemma 1, the estimation error dynamic (12) T from (10), (15) , (13),
and (14), it comes _ e =Ã 0KCẽ:
The system dynamicsÃ 0KC can be stabilized by selecting the gainK thanks to the detectability of the pair (Ã;C ). 
Then, under (18), the general solution of (17) is
where 2 + is the generalized inverse matrix of 2 and Z is an arbitrary matrix, fixed by the designer such that the matrix T is of maximal rank,
i.e., m + p 0 q (for details, see [6] ). Now, for (5), sufficient conditions for the existence of the observer (9) according to Lemma 1 can be given. Proof: It is straightforwardly deduced from the above observer design and is omitted.
Conditions of Theorem 1 can be given directly using the matrices of the original system (2) by the following lemma. 
Proof: See the Appendix.
1) Recall that (21) was established in [9] . For E 3 = In, which is equivalent to condition (24) in [10] .
2) For F 3 w = G 3 w = G 3 f = 0, (22) generalizes the R-detectability condition (10) in [11] . The procedure for designing the UIPMIO can be now summarized. Algorithm 1: If conditions (3), (21), and (22) hold, then an UIPMIO (9) for system (2) or (5) 
Under a bounded f ( s) and an observable pair (Ã;C), it existsK such that (23) and (24) are stable. Therefore, with a high gainK (i.e., ! 1), it follows that (24) can be approximated bỹ
Differentiating (25) and using (23), it comes CÃẽ = 0 sinceCẽ = 0 andCF f = 0 (by construction). In same way, under the observability of the pair (Ã;C ),CÃ iẽ = 0, for i = 2 . . . n+s s01.
It follows thatẽ ! 0.
In addition, when some parameters in model (2) are uncertain, it is well known that they can be summarized as UI and/or faults acting on the system (see case 5.1 in the following example). Since the UI do not affect the state estimation error and the fault term is not affected by the observer gain, it follows that the proposed high-gain observer is robust in presence of uncertain bounded parameters.
The procedure for designing the high-gain observer (9) for systems (2) or (5) can be summarized by algorithm 1, where the reasonable high gainK (or only K 1 I ) is chosen a posteriori by the designer. Even if, one or more components of f are not time piecewise continuously differentiable but bounded, the proposed observer can always be implemented. This is illustrated later in Section V, case 5.2.
IV. DISCUSSION
Generally speaking proportional integral observers present many advantages: robustness face of uncertain parameters [11] ; accurate parameter estimation [13] ; loop transfer recovery (LTR) properties with exact recovering for 0! 1 [12] ; fault detection with disturbance rejection in steady state [14] . In the following, the performances of the proposed observer is compared with those obtained with classical observers in different cases.
Case 4.1: Classical proportional integral observer [11] . Considering the following observer for system (4):
x = z + Ny 0 NG ff : Defining both state and fault estimation error e = x0x and e f = f 0f, respectively. Setting From (27) (9) estimates the state x, the fault f and finite derivatives f (i) which is illustrated in Section V, case 5.2.
Case 4.2:
Unknown inputs proportional observer [7] .
For q 1 = rankG w with q 1 q < t, system (4) can be rewritten as [7] :
As with case 4.1, the observer gains L 1 and L 2 (which depend on stabilizing gain Z) are affected by the fault term f in the dynamic state estimation error [7] . Otherwise for G f = 0 (i.e., G f = G f = 0) and F f 6 = 0, the associated residual r =ŷ 2 0 y 2 = C 12 e = C 12 M (z 0 T Ex) in [7] is necessarily decoupled of the fault F f f since C 12 M = 0, thus a fault f affecting directly the dynamic state can not be detected.
For nonsingular G w () q = t), the UIPO (4) proposed in [7] for system (28) cannot be designed since measurement y 2 is always disturbed by the UI (the same for residual r).
V. APPLICATION
Based on [8] and [16] , a machine infinite bus system shown in Fig. 1(a) will be used to illustrate the estimation performances of the proposed observers. The dynamic behavior of the system is governed by the swing equations of the three machines G 1 ; G 2 and G 3 . The fifth node introduces the algebraic behavior. The corresponding linear model is described as follows: It is assumed that the only available measurements are the generator angles 1 , 2 , 3 , and 5 . In the sequel, for each UIPMIO design, the matrix Z = 0 and the dynamic of each observer is defined in a LMI region D i = fa i + jb 2 C; i = 1 : 3g with [3] f010 < a 1 < 02:5g f050 < a 2 < 025g f0100 < a 3 < 080g:
Case 5.1: Parameters variation and UI.
Considering system (29) affected by the unknown load P ch = 0:2sin5t and an uncertain admittance
where 4Y ij = ij sin(! ij t) and j ij j < 0:3, j! ij j < 2 rd=s, i = 1 : 5, j = 1 : 5. The model (2) is also described by w = P ch and
4A 3 x with s = 0. Fig. 1(b) shows that the UIPMIO proposed is unbiased although the UIPO [7] is biased. 
Case 5.2:
Simultaneously constant fault actuator f 1 , unbounded nonlinear fault actuator f2, normally distributed random fault actuator f 3 and UI.
The model (2) is also described by w = P ch , Fig. 1(c) shows that the state is well filtered. In addition, the fault attenuation properties can clearly be observed in bode transfer function given in Fig. 2(a) while Fig. 2(b) and (c) show that when the observer gain (or bandwidth of the observer) is increased the steady-state fault estimation error decreases.
VI. CONCLUSION
The existence conditions of a full-order nonsingular UIPMIO for descriptor systems subject to fault and UI have been given and proved. The proposed UIPMIO rejects or reduces the estimate errors of the states and the faults of the system. More precisely, if fault f has the form of (1) under the constraint that the sth derivative of fault f is null, the proposed UIPMIO estimates simultaneously the state x, the fault f and its finite derivatives f (i) , (i = 1 : s 0 1) for all UI w(t). Else if the sth derivative of the fault f is not null (i.e., f ( s) 6 = 0), a high gain UIPMIO is designed in order to attenuate the impact of f ( s) in the estimation errors. The existence conditions of the proposed observers generalize those adopted in [7] for the design of UIPO of free fault descriptor systems. The proposed observers are robust face to parameters variations and in addition they filter the noises. The estimation performances of the proposed observers has been compared with those obtained with classical observers in different cases. Results have been illustrated in simulation.
APPENDIX
In the sequel, it is proved that the two sets of existence conditions stated in Theorem 1 and Lemma 2 are equivalent.
Proof: (21) , (18) . For that, the following equivalence a) (21) , rank 
since E is of full-row rank. b) Substituting matrices (7) and n = n + t in (18), (18), (31) is directly obtained.
Proof: (22) , (20) . For that, the following equivalence:
3) (33) , (20) are, respectively, proved. 1) Define the nonsingular matrix 2) Substitute matrices (7) and n = n + t in (33), it comes immediately that (33),(32). 
I. INTRODUCTION
Since the introduction of the first model for a jump linear system (JLS) by Krasovskii and Lidskii [8] , the JLS has become more popular in the area of control and operations research communities. The JLS is a hybrid system in the form _ x(t) = A(rt)x(t) (1) where one part of the state x(t) takes value continuously in R n while another part of the state rt is a Markov chain taking values in a finite state set S = f1; 2; . . . ; N g. One can use the JLS to model different types of dynamical systems subject to abrupt changes in their structure, such as failure prone manufacturing systems, power systems and economics systems etc. In the past decades, the stability and control 
